Saari, 1994), and a minimal version is depicted in Figure 1 . Rlbp1 Ϫ/Ϫ mice most thoroughly. Pigmented Rlbp1 Ϫ/Ϫ
night period in the dark. Following a flash that bleached ‫%08ف‬ of their visual pigment, albino Rlbp1 ϩ/ϩ and Rlbp1 ϩ/Ϫ mice regained the original amount of rhodopsin after ‫5.1ف‬ hr in the dark. Albino Rlbp1 Ϫ/Ϫ mice, in contrast, required 18-24 hr to achieve the original amount of rhodopsin (Figure 3 ).
Delayed Dark Adaptation in Rlbp1 Ϫ/Ϫ Mice
To determine whether dark adaptation was affected by the absence of CRALBP, we performed full-field electroretinographic (ERG) analysis of mutant and control mice, all of which had the same initial amount of visual pigment. Figure 4A (upper) depicts a series of a-waves recorded during recovery of a dark-adapted Rlbp1 ϩ/ϩ mouse from illumination that bleached virtually all of its visual pigment. With these conditions, recovery of visual sensitivity is dependent on visual cycle-derived 11-cisretinal chromophore. Substantial recovery of sensitivity was observed in 3 hr. In contrast, the a-wave of Rlbp1 Ϫ/Ϫ mice failed to recover during this period of time ( Figure  4A , lower). The time courses of a-wave recovery of 
2000)
. With this paradigm, recovery of the cone response was found to be delayed in the Rlbp1 Ϫ/Ϫ animals mice were qualitatively similar to the albino mice in the by ‫-2ف‬fold relative to Rlbp1 ϩ/ϩ ( Figure 4D ). parameters examined.
Visual Cycle Activity in Rlbp Ϫ/Ϫ Mice Evidence of Disruption of Rlbp1
We analyzed visual cycle intermediates during recovery Evidence supporting disruption of the Rlbp1 locus was from a flash to determine which reaction was affected provided by PCR analysis of genomic DNA ( Figure 2B) .
by the absence of CRALBP. HPLC traces of visual cycle Primers to Rlbp1 flanking the neo r insertion site ampliretinoids are shown in Figure 5A , and the results of fied only the expected product in Rlbp1 ϩ/ϩ mice. Primers between four and six analyses are summarized in Figure to the neo r cassette or a combination of a primer to 5B. In Rlbp1 ϩ/ϩ mice, the flash resulted in an immediate Rlbp1 and one to neo r generated only the expected loss of ‫%08ف‬ of the 11-cis-retinal of the retina and an product in Rlbp1 . Because CRALBP increases the duced by 10-fold and modestly stimulated, respectively, rate of oxidation of 11-cis-retinol to 11-cis-retinal by when the retinoid substrate was bound to CRALBP RDH5 in vitro , it was possible that . Other studies demonstrated that apothe Rlbp1 Ϫ/Ϫ phenotype resulted from a primary impair-CRALBP stimulates conversion of all-trans-to 11-cisment of the RDH5 reaction. However, the resulting 11-retinol by RPE microsomes (Stecher et al., 1999a,b; Wincis-retinol would be esterified and would accumulate as ston and Rando, 1998) and is required for hydrolysis of 11-cis-retinyl ester, as is observed in the RDH5 knockout endogenous 11-cis-retinyl esters (Stecher et al., 1999a) . mouse (Driessen et al., 2000) . Notably, the retinyl ester The night blindness reported in human patients with that accumulated in Rlbp1 Ϫ/Ϫ mice retinas contained CRALBP mutations could result from defects in any of little 11-cis-isomer and 11-cis-retinol did not accumuthese enzymatic activities. To identify the primary physilate, supporting a primary defect upstream of the oxidaological function of CRALBP in vivo, we generated and tion reaction. characterized mice with a non-functional CRALBP gene.
How could CRALBP stimulate isomerization? Binding The strategy for targeted disruption of Rlbp1 conof the product of isomerization (11-cis-retinol) by aposisted of insertion of a neomycin resistance cassette CRALBP, coupled with its oxidation to 11-cis-retinal, (neo and perfused with 4% paraformaldehyde, buffered with 0.13 M sodium phosphate at pH 7.4 ( Figure 6A ). Following enucleation, the eyes were immersed in fixative and processed as described above.
Construction of the Targeting Vector
The targeting vector was generated by inserting neo r into the Sac 1 site of coding exon 3 (Figure 2A ). The final targeting vector was Light Microscopy Mice were sacrificed and the eyes fixed as above for immunocytoassembled using vector pGT-NT28 (Dr. Roby Polakiewicz, New England Biolabs, Beverly, MA) and plasmid subclones of 129SvJ chemistry. After fixation, the eyecups were washed three times for 10 min each with PB, dehydrated with a graded series of ethanolmouse Rlbp1 (Kennedy et al., 1998, 1999) . A ‫4.5ف‬ kb 5Ј-arm, consisting of a 5Ј-flanking region through exon 3, was directionally water solutions (35%, 70% 
